Introduction
Scanning gate microscopy (SGM), in which a conductive atomic force microscope (AFM) tip is used as a movable gate, is a powerful tool to investigate and manipulate quantum states in semiconductor nanostructures, e.g., quantum point contacts (QPCs) [1] [2] [3] [4] [5] and quantum dots (QDs) [6, 7] . The negatively charged tip changes the local potential for conductive electrons, and thus conductance of the device. The spatial mapping of the conductance change involves fundamental characteristics of quantum transport or quantum states. However, usual SGM is remained to apply a DC voltage on the tip, where static responses are expected. Here, we present a novel SGM with high frequency pulses on the microscope tip and device. Potential of a QPC structure is locally changed with a voltage pulse applied to the tip, which is confirmed by using correlation measurement technique. The time-dependant potential is detected with another voltage pulse applied on the source electrode. The time-averaged current depends on the phase difference of the two pulses, which indicates that the potential can be controlled faster than a few 10ns. Our technique is promising in investigating dynamic response from nanostructures.
QPC sample and SGM
Our SGM is based on a commercial low temperature AFM, in which an optical interferometer is used for detecting vertical tip position. Commercial silicon cantilever coated with PtIr outside is used. For high-frequency measurement, we installed two coaxial cables from room temperature to 4.2K. Additional thin Cu flexible coaxial cables to AFM tip and QPC sample are used to prevent unwanted vibration.
The QPC sample used in our study is fabricated in a GaAs/AlGaAs heterostructure with a two-dimensional electron gas (2DEG) 90nm below the surface. Standard electron beam lithography and evaporation processes are used to form metal split-gates (30nm thick) on the surface. The 2DEG underneath the gate can be depleted at gate voltage of V SG = -1.1V, and the narrow QPC channel with the lithographic width of 300nm can be pitched off at around -2.4V.
First, we obtained a topography of the QPC structure at 4.2K by using contact mode AFM, as shown in FIG. 1 
(b).
After this topographic imaging, the laser for tip detection is turned off to avoid photo conductivity and wait about 4 hours to stabilize the system. Then we switch to SGM mode for current imaging. After defining a narrow channel with a few modes at V SG = -2.2V, negatively biased tip (-2.2V) is scanned at a constant height of about 30nm. The QPC current is measured as a function of the lateral tip position, as shown in FIG. 1 (c) , where a dark spot at the central region of the QPC indicates the pinch-off of the channel. Figure 1 (d) shows the pinch-off characteristics obtained by sweeping the gate voltages, when the tip is exactly located above the center of the QPC [dark spot in FIG. 1 (c) ]. When the tip is grounded, the current can not be pitched off even at V SG = -2.2V (upper trace). But when both tip and split-gate voltages are sweep simultaneously, the channel is pitched off at -2.1V (lower trace). This means that the tip acts as the third gate above the QPC channel, changes the potential landscape, and decrease the conductance of the device. 
High-frequency measurement
In order to control the local potential in a short time, a 
Conclusions
A novel high-frequency scanning gate microscope is realized for controlling local potential in semiconductor quantum point contact by a voltage pulse. The time evolution of local potential is detected by the correlation measurement technique. The technique allows us to study dynamical characteristics in various nanostructures like quantum dots, molecules, and atomic (donor) states.
